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Clinical PerspectiveWhat Is New?Job strain, a marker of psychosocial stress at work, was associated with small but consistent increase in the risk of hospitalization with peripheral artery disease.The strength of the association was similar to that of job strain with coronary heart disease and ischemic stroke.What Are the Clinical Implications?Physicians in occupational health and primary care need to recognize work‐related stress as a risk factor for many cardiovascular disease outcomes, including peripheral artery disease.
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Introduction {#jah34962-sec-0008}
============

Peripheral artery disease (PAD) is a manifestation of atherosclerotic cardiovascular disease, characterized by intermittent claudication or atypical leg pain.[1](#jah34962-bib-0001){ref-type="ref"} In 2010, this disease affected \>200 million people worldwide, reflecting a 13.1% increase in its prevalence in high income countries between 2000 and 2010.[1](#jah34962-bib-0001){ref-type="ref"} With the population agiing, larger numbers of people are living with PAD for longer, a trend which is reflected by the wider uptake of secondary preventive treatments, such as statins, antiplatelets, angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers.[2](#jah34962-bib-0002){ref-type="ref"} Given the scale of the disease and the effort of keeping PAD at bay by means of secondary preventive measures, it is not surprising that the costs of PAD to patients (in terms of decreased quality of life and years of life lost, disability, sickness absence, and loss of income) and healthcare systems (in terms of medical, endovascular, and surgical management) are now comparable with those incurred by coronary heart disease and stroke.[3](#jah34962-bib-0003){ref-type="ref"}, [4](#jah34962-bib-0004){ref-type="ref"}

Despite the considerable burden of PAD, the evidence on specific risk factors, including potential primary preventive targets, for this disease is scarce.[5](#jah34962-bib-0005){ref-type="ref"} Advanced age, type 2 diabetes mellitus and elevated blood pressure, circulating lipids, and clotting are important risk factors for all atherosclerotic cardiovascular diseases, including PAD.[1](#jah34962-bib-0001){ref-type="ref"}, [5](#jah34962-bib-0005){ref-type="ref"} In addition, recent large‐scale observational "mega‐studies" have shown that stress is associated with many cardiovascular outcomes, most strongly as a trigger or a prognostic factor for major cardiac events in high‐risk populations and in those with pre‐existing cardiovascular disease.[6](#jah34962-bib-0006){ref-type="ref"} Reflecting this evidence, European clinical guidelines now recognize psychosocial stress as an important clinical target in the management of heart disease and stroke.[5](#jah34962-bib-0005){ref-type="ref"} However, in contrast to the extensive research into the associations of various stress exposures with myocardial infarction, stroke, atrial fibrillation, and venous thromboembolism,[7](#jah34962-bib-0007){ref-type="ref"}, [8](#jah34962-bib-0008){ref-type="ref"} few studies have examined the relationship between stress and PAD.

The Individual‐Participant Data Meta‐Analysis in Working Populations (IPD‐Work) Consortium is among the world\'s largest collaborations using harmonized individual‐participant data on work stress and health outcomes in adults.[9](#jah34962-bib-0009){ref-type="ref"} Here we have used data from \>139 000 men and women from the Consortium\'s studies to investigate the association between work‐related stress, operationalized as job strain, and hospital‐treated PAD.

Methods {#jah34962-sec-0009}
=======

Data Availability {#jah34962-sec-0010}
-----------------

This study used data from 11 independent studies, which all have different data sharing policies. Our data protection agreements with the participating cohort studies do not allow IPD‐Work Consortium to share individual‐level data from these studies to third parties. Requests for individual study data can be addressed to each study\'s executive committee. Syntax for the main analyses is provided in Data [S2](#jah34962-sup-0001){ref-type="supplementary-material"}.

Studies and Participants {#jah34962-sec-0011}
------------------------

The analyses presented here are based on data from 11 prospective cohort studies, which had available data on job strain and hospital‐treated PAD. Eight of the 19 Consortium studies were not included in the analyses because of missing exposure or outcome data. The analyses were based on data from Copenhagen Psychosocial Questionnaire versions I and II,[10](#jah34962-bib-0010){ref-type="ref"}, [11](#jah34962-bib-0011){ref-type="ref"} DWECS (Danish Work Environment Cohort Study),[12](#jah34962-bib-0012){ref-type="ref"}, [13](#jah34962-bib-0013){ref-type="ref"} FPS (Finnish Public Sector) study,[14](#jah34962-bib-0014){ref-type="ref"} Health and Social Support,[15](#jah34962-bib-0015){ref-type="ref"} HHS (Helsinki Health Study),[16](#jah34962-bib-0016){ref-type="ref"} Intervention Project on Absence and Well‐Being,[17](#jah34962-bib-0017){ref-type="ref"}, [18](#jah34962-bib-0018){ref-type="ref"} Swedish Longitudinal Occupational Survey of Health,[19](#jah34962-bib-0019){ref-type="ref"} Still Working,[20](#jah34962-bib-0020){ref-type="ref"}, [21](#jah34962-bib-0021){ref-type="ref"} Whitehall II,[22](#jah34962-bib-0022){ref-type="ref"} and Work, Lipids and Fibrinogen Stockholm (WOLF S).[23](#jah34962-bib-0023){ref-type="ref"} All studies were approved by local and/or national ethics committees and participants gave informed consent to take part. Details of the studies have been published previously and are provided in Data [S1](#jah34962-sup-0001){ref-type="supplementary-material"}. Participants were included in the analyses if they had baseline data available on job strain, age, sex, and socioeconomic position, and follow‐up data on hospitalizations. Those with a hospital record of PAD at or before baseline were excluded.

Measurements {#jah34962-sec-0012}
------------

The main exposure in our analyses was job strain, the most extensively used operationalization of work‐related psychosocial stress, was ascertained from baseline questionnaires in all studies.[24](#jah34962-bib-0024){ref-type="ref"}, [25](#jah34962-bib-0025){ref-type="ref"} A detailed description of the harmonization of job strain has been published previously.[26](#jah34962-bib-0026){ref-type="ref"} Briefly, participants were asked to rate statements describing psychosocial aspects of their job on a Likert‐type scale. Mean response scores were calculated for job demands items (eg, "my job requires working very fast") and job control items or (eg, "my job allows me to learn new things") for each participant. Using the original and most commonly used categorization, we defined high demands as having a job demand score above the study‐specific median and low control as having a job control score below the study‐specific median. According to the original model, a combination of high demands and low control was defined as job strain, and all other demand‐control combinations as no strain.[25](#jah34962-bib-0025){ref-type="ref"} To minimize investigator bias, we validated the job strain measure before linking exposure and covariate data to outcome data.

Covariates in our analyses were participant age, sex, socioeconomic position (harmonized into 3 categories: low, intermediate and high), body mass index (BMI: weight in kilograms divided by height in meters squared, harmonized into underweight \[\<18.5 kg/m^2^\], normal weight \[18.5 to \<25 kg/m^2^\], overweight \[25 to \<30 kg/m^2^\] and obese \[≥30 kg/m^2^\]), smoking (harmonized into never, former and current), alcohol consumption (harmonized into none, moderate and heavy), leisure‐time physical activity (sedentary or active) and baseline diabetes mellitus (yes or no). Details of ascertainment of these covariates are provided in Data [S1](#jah34962-sup-0001){ref-type="supplementary-material"}.

PAD outcomes were ascertained by linking participants' study records (with the participants' consent, using national identification numbers in the Nordic studies and the National Health Service number in Whitehall II) to national hospitalization registers (Nordic studies) and administrative hospitalization data (Whitehall II). Any episode of hospital care with a record of an *International Classification of Diseases*,*Eighth Revision (ICD‐8), Ninth Revision (ICD‐9),* or *Tenth Revision (ICD‐10)* code indicating PAD either as primary or secondary diagnostic code[27](#jah34962-bib-0027){ref-type="ref"} (Table [S1](#jah34962-sup-0001){ref-type="supplementary-material"}) was counted as a PAD event. Deaths from any cause were ascertained by linking participants' study records to national death registers.

Statistical Analyses {#jah34962-sec-0013}
--------------------

We used Cox proportional hazards regression to examine the associations between job strain and hospital‐treated PAD events during follow‐up. Time to the outcome of interest was defined as time from the baseline assessment to the first hospital record of PAD, death of the participant or the end of study‐specific follow‐up, whichever occurred first. Examination of log(−log) plots and Schoenfeld test provided no evidence for violation of the proportional hazards assumption.

First, we examined the associations of job strain with hospital‐treated PAD in each study, using harmonized individual‐participant data. This approach was chosen because of ethical and data protection regulations, only study‐level results from the studies conducted in Sweden and Denmark could be used in the combined analyses. Second, we combined the study‐specific hazard ratios (HRs) and their 95% CIs in random effects meta‐analyses, using empirical Bayes (EB) estimator for between‐study variance. Sensitivity analyses were conducted using DerSimonian and Laird and restricted maximum likelihood estimators for between‐studies variance. Random effects approach was chosen to estimate the mean of the associations between job strain and PAD, which are likely to differ in different countries and work settings. We calculated I^2^ and τ^2^ to estimate relative and absolute heterogeneity, respectively, among the study‐specific estimates. In addition to the random effects, overall HR and its 95% CI (which estimate the average association between job strain and PAD and uncertainty about this average), we calculated a 95% prediction interval to estimate the range of associations of job strain with PAD across different study settings. The calculation of the prediction interval is based on the assumptions that the study‐specific estimates in a meta‐analysis represent a random, normally distributed sample from an underlying distribution of estimates.[28](#jah34962-bib-0028){ref-type="ref"}, [29](#jah34962-bib-0029){ref-type="ref"} Whilst these assumptions cannot be formally checked in the available data, our use of previously unpublished, harmonized data reassures us that the studies included in our analyses are unlikely to be severely biased by publication or other reporting biases. To help meet the normality assumption of the study‐specific estimates, the calculations for the prediction interval were performed on the log‐scale and results back‐transformed to ratio‐scale for ease of interpretation. Stratified meta‐analyses and random effects meta‐regression were used to explore potential sources for heterogeneity. Analyses in the Nordic studies were conducted using SAS 9.4 (Cary, NC, USA) and in Whitehall II using Stata IC 15 (Stata Corporation, College Station, TX, USA), with user‐written Stata packages *ipdmetan* [30](#jah34962-bib-0030){ref-type="ref"} and *metareg*.[31](#jah34962-bib-0031){ref-type="ref"}

Results {#jah34962-sec-0014}
=======

In all, 139 132 men and women had baseline data available on job strain, age, sex, and socioeconomic position, and had no previous hospital record relating to PAD ([Table](#jah34962-tbl-0001){ref-type="table"}).[10](#jah34962-bib-0010){ref-type="ref"}, [11](#jah34962-bib-0011){ref-type="ref"}, [12](#jah34962-bib-0012){ref-type="ref"}, [13](#jah34962-bib-0013){ref-type="ref"}, [14](#jah34962-bib-0014){ref-type="ref"}, [15](#jah34962-bib-0015){ref-type="ref"}, [16](#jah34962-bib-0016){ref-type="ref"}, [17](#jah34962-bib-0017){ref-type="ref"}, [18](#jah34962-bib-0018){ref-type="ref"}, [19](#jah34962-bib-0019){ref-type="ref"}, [20](#jah34962-bib-0020){ref-type="ref"}, [21](#jah34962-bib-0021){ref-type="ref"}, [22](#jah34962-bib-0022){ref-type="ref"}, [23](#jah34962-bib-0023){ref-type="ref"} The study‐specific mean age ranged from 38.6 to 49.2 years. Overall, 50 583 (36.4%) of the participants were men, with the study‐specific proportions of men ranging from 20% in FPS to 77% in Still Working. Just under a quarter of participants reported job strain at baseline (n=32 489, 23.4%). The study‐specific distributions of the baseline characteristics are shown in Table [S2](#jah34962-sup-0001){ref-type="supplementary-material"}. The number of PAD patients included in the unadjusted, age‐ and sex‐adjusted and multivariable‐adjusted models was different in HHS, Swedish Longitudinal Occupational Survey of Health, and Whitehall II because a small proportion of participants in these studies had incomplete data on relevant covariates.

###### 

Study and Participant Characteristics

  Study                                                                                             Country          Baseline, y     Setting (Occupational vs Population‐Based)   n, Participants   Mean (Range[a](#jah34962-note-0003){ref-type="fn"}) Baseline Age (y)   n (%) Men       n (%) Job Strain at Baseline   Mean (SD) Follow‐Up (y)   n With PAD (Incidence Per 10 000 Person‐Years)
  ------------------------------------------------------------------------------------------------- ---------------- --------------- -------------------------------------------- ----------------- ---------------------------------------------------------------------- --------------- ------------------------------ ------------------------- ------------------------------------------------
  COPSOQ‐I[10](#jah34962-bib-0010){ref-type="ref"}                                                  Denmark          1997            Population                                   1769              40.7 (23--57)                                                          908 (51.3)      363 (20.5)                     11.7 (1.6)                16 (7.71)
  COPSOQ‐II[11](#jah34962-bib-0011){ref-type="ref"}                                                 Denmark          2004 to 2005    Population                                   3424              42.8 (25--58)                                                          1630 (47.6)     486 (14.2)                     5.0 (0.4)                 12 (7.71)
  DWECS[12](#jah34962-bib-0012){ref-type="ref"}, [13](#jah34962-bib-0013){ref-type="ref"}           Denmark          2000            Population                                   5563              41.8 (23--59)                                                          2963 (53.3)     1239 (22.3)                    8.8 (1.2)                 37 (7.53)
  FPS[14](#jah34962-bib-0014){ref-type="ref"}                                                       Finland          2000 to 2004    Occupational                                 65 495            43.7 (17--69)                                                          13 104 (20.0)   17 859 (27.3)                  9.8 (1.8)                 110 (1.72)
  HeSSup[15](#jah34962-bib-0015){ref-type="ref"}                                                    Finland          1998 and 2003   Population                                   18 465            38.6 (20--59)                                                          7760 (42.0)     5203 (28.2)                    13.1 (2.2)                55 (2.28)
  HHS[16](#jah34962-bib-0016){ref-type="ref"}                                                       Finland          2000 to 2002    Occupational                                 6448              49.2 (39--60)                                                          1397 (21.7)     1001 (15.5)                    14.4 (1.8)                41 (4.41)
  IPAW[17](#jah34962-bib-0017){ref-type="ref"}, [18](#jah34962-bib-0018){ref-type="ref"}            Denmark          1996 to 1997    Occupational                                 2025              41.2 (24--57)                                                          672 (33.1)      355 (17.5)                     12.8 (1.9)                25 (9.66)
  SLOSH[19](#jah34962-bib-0019){ref-type="ref"}                                                     Sweden           2006 to 2008    Population                                   10 974            47.7 (19--68)                                                          5063 (46.1)     2223 (20.3)                    6.5 (1.2)                 16 (2.23)
  Still Working[20](#jah34962-bib-0020){ref-type="ref"}, [21](#jah34962-bib-0021){ref-type="ref"}   Finland          1986            Occupational                                 9154              40.9 (18--65)                                                          7071 (77.2)     1424 (15.6)                    21.7 (4.0)                161 (8.11)
  Whitehall II[22](#jah34962-bib-0022){ref-type="ref"}                                              United Kingdom   1985 to 1988    Occupational                                 10 153            44.4 (34--56)                                                          6799 (70,0)     1417 (14.0)                    26.8 (4.6)                159 (5.82)
  WOLF S[23](#jah34962-bib-0023){ref-type="ref"}                                                    Sweden           1992            Occupational                                 5662              41.5 (19--70)                                                          3216 (56.8)     919 (16.2)                     15.5 (2.2)                35 (3.98)

COPSOQ‐I and --II indicates Copenhagen Psychosocial Questionnaire versions I and II; DWECS, Danish Work Environment Cohort Study; FPS, Finnish Public Sector study; HeSSup, Health and Social Support; HHS, Helsinki Health Study; IPAW, Intervention Project on Absence and Well‐being; PAD, peripheral artery disease; SLOSH, Swedish Longitudinal Occupational Survey of Health; and WOLF S, Work, Lipids and Fibrinogen Stockholm.

5th and 95th percentiles are presented for COPSOQ‐I, COPSOQ‐II, DWECS, and IPAW for data security reasons.

During 1 718 132 person‐years at risk, 667 men and women (0.2%--1.8% of participants, depending on the study) had a hospital record of PAD during the follow‐up. The overall incidence of PAD per 10 000 person‐years of follow‐up was 3.88, ranging from 1.72 (FPS) to 8.11 (Still Working) ([Table](#jah34962-tbl-0001){ref-type="table"}).

The unadjusted associations between job strain and hospital‐treated PAD, calculated using empirical Bayes between‐study variance estimator, suggested that the average risk of hospitalization with PAD was higher in participants reporting job strain compared with those with no strain (HR: 1.25, 95% CI, 1.04--1.50) (Figure [1](#jah34962-fig-0001){ref-type="fig"}).[10](#jah34962-bib-0010){ref-type="ref"}, [11](#jah34962-bib-0011){ref-type="ref"}, [12](#jah34962-bib-0012){ref-type="ref"}, [13](#jah34962-bib-0013){ref-type="ref"}, [14](#jah34962-bib-0014){ref-type="ref"}, [15](#jah34962-bib-0015){ref-type="ref"}, [16](#jah34962-bib-0016){ref-type="ref"}, [17](#jah34962-bib-0017){ref-type="ref"}, [18](#jah34962-bib-0018){ref-type="ref"}, [19](#jah34962-bib-0019){ref-type="ref"}, [20](#jah34962-bib-0020){ref-type="ref"}, [21](#jah34962-bib-0021){ref-type="ref"}, [22](#jah34962-bib-0022){ref-type="ref"}, [23](#jah34962-bib-0023){ref-type="ref"} Adjustment for age and sex increased the point estimate and widened its CI (HR: 1.46, 95% CI, 1.17--1.83) and further adjustment for lifestyle‐related covariates decreased it only slightly (HR: 1.41, 95% CI, 1.11--1.80). Additional adjustment for baseline diabetes mellitus attenuated the overall point estimate and narrowed its CI (HR: 1.31, 95% CI, 1.07--1.59).

![**Job strain and hospital record of peripheral artery disease.^10\ 11\ 12\ 13\ 14\ 15\ 16\ 17\ 18\ 19\ 20\ 21\ 22\ 23^**\
COPSOQ‐I and --II indicates Copenhagen Psychosocial Questionnaire versions I and II; DWECS, Danish Work Environment Cohort Study; FPS, Finnish Public Sector study; HeSSup, Health and Social Support; HHS, Helsinki Health Study; IPAW, Intervention Project on Absence and Well‐Being; PAD, peripheral artery disease; SLOSH, Swedish Longitudinal Occupational Survey of Health; and WOLF S, Work, Lipids and Fibrinogen Stockholm.](JAH3-9-e013538-g001){#jah34962-fig-0001}

All unadjusted study‐specific estimates were consistent with each other (all I^2^ \<0.1%) but the covariate‐adjusted estimates were moderately heterogeneous. In the multivariable‐adjusted meta‐analyses, τ^2^ of 0.0427 indicated that the study‐specific estimates were somewhat dispersed around their mean (ie, the overall random‐effects HR). The corresponding I^2^ denoted that 26.9% of this variation was attributable to differences beyond chance variation in the association of job strain with PAD in different cohort studies (Table [S3](#jah34962-sup-0001){ref-type="supplementary-material"}). Accordingly, the 95% prediction interval from the multivariable‐adjusted meta‐analyses (0.82--2.44) crossed the null‐value, suggesting that though the average association of job strain with hospitalization for PAD was firmly positive, in some contexts job strain can be associated with over 2‐fold increase in this risk and in others with a decreased risk (Figure [1](#jah34962-fig-0001){ref-type="fig"}).

We explored sex, socioeconomic position, and smoking as potential sources for the observed heterogeneity (Figure [2](#jah34962-fig-0002){ref-type="fig"}). The subgroup associations were consistent in direction, all indicating an increased risk, but the sizes of the estimated average associations varied. Job strain was associated with an increased average risk of hospitalization with PAD in men (HR: 1.59, 95% CI, 1.12--2.28), individuals with a high socioeconomic position (HR: 2.77, 95% CI, 1.35--5.71), and baseline smokers (HR: 1.52, 95% CI, 1.10--2.09). The estimates were directionally consistent but imprecise in women, people from low or intermediate socioeconomic positions, ex‐smokers, and those who had never smoked. Neither the 95% prediction intervals from the stratified meta‐analyses nor the meta‐regression analyses provided evidence for differences by sex (*P*=0.3) or trend by baseline smoking status (*P*=0.7) beyond chance variation. There was some indication of the association between job strain and hospital‐treated PAD being stronger in the high socioeconomic group than in the low socioeconomic group (*P*=0.046) but no evidence for a linear trend across the socioeconomic groups (*P*=0.3). Because of overall low numbers of PAD cases in the subgroups the power in the subgroup analyses, however, was limited.

![**Job strain and hospital record of peripheral artery disease, by subgroup.**\
PAD indicates peripheral artery disease; and SEP, socioeconomic position.](JAH3-9-e013538-g002){#jah34962-fig-0002}

The findings from sensitivity analyses excluding men and women with a hospital record of PAD during the first year of follow‐up, as well as from those using DerSimonian and Laird and restricted maximum likelihood variance estimators in the meta‐analyses, were similar in direction and magnitude to our main findings (Tables [S3](#jah34962-sup-0001){ref-type="supplementary-material"} and [S4](#jah34962-sup-0001){ref-type="supplementary-material"}).

Analysis of absolute risks showed that in our study population of working‐age men and women, the incidence of PAD per 10 000 person‐years ranged from 1.72 (FPS) to 9.66 (Intervention Project on Absence and Well‐Being) ([Table](#jah34962-tbl-0001){ref-type="table"}). The average difference in the absolute risks between the job strain and no strain groups was firmly positive (3.28, 95% CI, 0.78--5.78) but the study‐specific estimates varied (Table [S5](#jah34962-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah34962-sec-0015}
==========

Our analysis of individual‐participant data from \>139 000 men and women suggest that job strain is associated with an ≈1.4‐fold average increase in the risk of having a hospital record of PAD. This association was observed in all participant subgroups, and the findings were robust to additional adjustment for baseline diabetes mellitus and uncertainty deriving from different ways of estimating between‐study variation.

A large and increasing evidence shows that psychosocial stress is implicated in the development of various forms of atherosclerotic cardiovascular disease.[6](#jah34962-bib-0006){ref-type="ref"} However, we are unaware of previous investigations of work‐related stress and the risk of PAD, and must discuss our findings in relationship to previous studies of other stress measures and other cardiovascular disease outcomes. Our findings support those of previous studies, pointing to a role of life stress in atherosclerotic disease. A pooled analysis of the Health Survey for England and Scottish Health Survey, for example, suggests that psychological distress is associated with some 3‐fold increase in the risk of peripheral vascular disease during an average follow‐up of 9.5 years.[32](#jah34962-bib-0032){ref-type="ref"} Meta‐analyses of large, prospective individual‐level data sets, have also shown that the general population of adults who reported stress at work or in private life had an 1.1‐ to 1.6‐fold increased risk of coronary heart disease or stroke.[6](#jah34962-bib-0006){ref-type="ref"}

One possible explanation for the elevated risk of hospitalization with PAD among individuals reporting job strain is that stress has a role in the development of PAD, independently of the known risk factors of age, male sex, low socioeconomic position, smoking, heavy alcohol intake, obesity, and physical inactivity. The associations observed in our investigation were in line with those observed for other atherosclerotic cardiovascular diseases in the IPD‐Work Consortium and other studies: job strain has shown robust associations with hospitalization for ischemic stroke (average relative risk: 1.18, 95% CI, 1.00--1.39),[33](#jah34962-bib-0033){ref-type="ref"} coronary heart disease overall (average relative risk: 1.23, 95% CI, 1.10--1.27)[9](#jah34962-bib-0009){ref-type="ref"} as well as among those with pre‐existing cardiovascular disease (average relative risk: 1.61, 95% CI, 1.14--2.28).[34](#jah34962-bib-0034){ref-type="ref"} While there is limited evidence directly linking stress to atherosclerosis per se, stress response is associated with increased systemic inflammation and elevated blood glucose, which may contribute to exacerbations and complications of PAD.[6](#jah34962-bib-0006){ref-type="ref"} In addition to this worsening effect of work‐related stress on pre‐existing artery disease, our findings could reflect other mechanisms, such as stress symptoms lowering the threshold for visiting a physician and subsequently delaying referral and diagnosis.

We conducted sensitivity analyses excluding individuals with a hospital record of PAD during the first year of follow‐up, but we cannot completely eliminate the possibility of early stage, undiagnosed, or subclinical PAD influencing our findings. As less severe manifestations of PAD can be managed medically in primary care, it is possible that the group of participants with no record of hospital‐treated PAD includes individuals with subclinical, early stage, or mild PAD. If this is the case, the association between job strain and hospitalization for PAD may reflect work‐related stress triggering a PAD event among those with existing peripheral artery atherosclerosis. Previous research in high‐risk populations and in adults who already have some form of cardiovascular disease suggests that stress incurs an ≈2‐ to 5.6‐fold increased risks of death.[6](#jah34962-bib-0006){ref-type="ref"} Results of a small case‐control study, in which women with coronary vascular dysfunction experienced more peripheral vasoconstriction after a mental stress test than control women,[35](#jah34962-bib-0035){ref-type="ref"} may provide a mechanistic explanation for the ability of stress to induce cardiovascular events in general and PAD events specifically in individuals with pre‐existing cardiovascular disease.

PAD is a multifactorial disease, with a large number of risk factors making a relatively modest contribution to its pathogenesis. Smoking, hypertension and type 2 diabetes mellitus have been consistently shown to be associated with an increased risk of developing PAD.[1](#jah34962-bib-0001){ref-type="ref"}, [2](#jah34962-bib-0002){ref-type="ref"} For instance, a meta‐analysis of 22 published studies showed that current smoking was associated with a 2.72 ‐fold (95% CI, 2.39--3.09), history of previous cardiovascular disease with 2.55‐fold (95% CI, 2.16--3.02) and diabetes mellitus with 1.88‐fold average odds (95% CI, 1.66--2.14) of PAD.[1](#jah34962-bib-0001){ref-type="ref"} The odds ratios were lower for hypertension (1.55, 95% CI, 1.42--1.71) and hypercholesterolemia (1.19, 95% CI, 1.07--1.33).[1](#jah34962-bib-0001){ref-type="ref"} The hazard ratios from our meta‐analyses suggest that the risk associated with job strain is not as large as that deriving from smoking or history of cardiovascular disease but is on par with the relative risks associated with hypertension and hypercholesterolemia.

The I^2^ and τ^2^ pointed to moderate heterogeneity among the study‐specific hazard ratios in our meta‐analyses. The 95% prediction interval from the multivariable‐adjusted meta‐analysis (0.82--2.44) suggests that though on average, job strain is associated with an increase in the relative risk of hospitalization with PAD, true relative risks vary from about one fifth decrease to \>2‐fold increase in different study settings. This variation could reflect differences in diagnostic and referral practices over time and across healthcare systems. The absolute risk differences varied between studies, pointing to different baseline risks of PAD in the study populations. However, the 95% prediction interval should be interpreted with caution: although the studies in our analyses had a low risk of publication or reporting biases, it is possible that the prediction interval reflects heterogeneity derived from other, unknown sources of bias.

The point‐estimates for the subgroup associations between job strain and PAD were consistent in direction, all indicating an increased risk in individuals reporting job strain; however, their magnitude varied by sex, socioeconomic position, and baseline smoking status and the subgroup differences did not conclusively explain the observed heterogeneity among the study‐specific findings.

The main strength of our analyses is that they were based on previously unpublished, harmonized, prospective data (including pre‐defined job strain exposure and objectively assessed PAD outcomes) from 3 Nordic and 1 Western European countries. The analytical strategies we used to pool their results aimed to reduce the risk of biases arising from publication preferences, differential exposure, or outcome reporting, and data dredging. We ascertained PAD events from routinely collected hospitalization data, which cover a range of severities of this disease, from intermittent claudication to gangrene and tissue loss. However, early stages of PAD can often be managed in primary care, and although participants with a previous hospital record of PAD were excluded from our analyses, some PAD patients who were treated in primary care may have been included in the comparison group. Thus, the hospital‐treated PAD in our analyses represents the severe end of the disease spectrum and the findings reported here are possibly not generalizable to less severe manifestations of PAD. Unfortunately, we had no access to primary care data and were unable to explore this further.

Data on lipids and blood pressure were not available in all the cohorts included in our analyses, and we were thus unable to examine their roles in the association between job strain and PAD. However, previous research suggests that additional adjustment for lipids and blood pressure is unlikely to have a major effect on the association between job strain and PAD. Our previous work in the IPD‐Work Consortium data has shown that job strain is not associated with either systolic or diastolic blood pressure or circulating cholesterol,[36](#jah34962-bib-0036){ref-type="ref"} and that the association between job strain and coronary heart disease (another atherosclerotic outcome) was robust to adjustment for the Framingham Cardiovascular Risk Score, including conventional biological risk factors (eg, diabetes mellitus, lipids, and blood pressure).[9](#jah34962-bib-0009){ref-type="ref"}

Ours was a sample of studies from an existing research collaboration, and it is possible that other studies, particularly from parts of the world other than Northern Europe, would produce different estimates of the association between job strain and PAD. We also recognize that although well‐conducted, large prospective observational epidemiological studies can indicate temporal relationships between risk factors and disease outcomes, such as PAD, no judgement on the causality of such associations can be made based on longitudinal observational findings alone. Furthermore, although all study‐specific analyses were adjusted for a number of harmonized covariates, we cannot exclude the possibility that residual confounding from imprecisely measured, unmeasured, or unknown confounders has impacted on our estimates. For instance, we were unable to adjust the analyses for sedentary work (eg, large proportion of working time spent sitting), which might confound the association between job strain and PAD.

Conclusions {#jah34962-sec-0016}
===========

Findings of this multi‐national multi‐cohort study show that that job strain is associated with a small but consistent increase in the risks of hospitalization with PAD. The strength of the observed association is approximately the same as that of job strain with other atherosclerotic diseases, such as coronary heart disease and ischemic stroke.
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